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Мета. Метою представленого дослідження була розробка методики одночасного визначення лоратади-
ну та допоміжних речовин – метилпарагідроксибензоату та пропілпарагідроксибензоату в комбінова-
ному сиропі «Лоратадин+» у присутності ласкавця золотистого трави екстракту. 
Матеріали і методи. Liquid chromatography separation was performed using a Shimadzu Nexera X2 LC-
30AD HPLC system (Shimadzu, Japan) composed of a quaternary pump, an on-line degasser, a column 
temperature controller, the SIL-30AC autosampler (Shimadzu, Japan); the CTO-20AC thermostat (Shimadzu, 
Japan) as well as the SPD-M20A diode array detector (DAD).  
Результати і обговорення. Ідентифікацію основного компоненту та домішок у комбінованому засобі 
проводили шляхом визначення часів утримування піків лоратадину, метилпарагідроксибензоату і пропі-
лпарагідроксибензоату на хроматограмі випробовуваного розчину, одержаній при їх кількісному визна-
ченні, які співпадали з часами утримування відповідних піків на хроматограмі розчину порівняння.  
При розробці методики кількісного визначення встановлено, що з використанням градієнтного режиму 
спостерігалось краще розділення між сполуками, коефіцієнт розділення між піками метилпарагідрок-
сибензоату та найближчих до нього піків став більшим ніж 2.5, у випадку пропілпарагідроксибензоата 
цей показник становив більше 3.  
Для підтвердження коректності запропонованого методу було проведено валідаційні дослідження згід-
но з вимогами ДФУ. Встановлено, що невизначеність пробопідготовки становить для лоратадину –  
1,5 %, для метилпарагідроксибензоату – 1,47 %, для пропілпарагідроксибензоату – 1,53 %, що не пере-
вищує критерії прийнятності. Специфічність методики підтверджена шляхом порівняння хроматогра-
мрозчину порівняння, випробовуваного розчину і хроматограми бланк-розчину. Вимоги до лінійності ме-
тодики виконувалися на всьому діапазоні концентрацій для лоратадину і обох допоміжних речовин. Ко-
ефіцієнти кореляції становили 0,9999, 0,9999 та 0,9995 відповідно. Правильність методики виконува-
лась за двома критеріями – практичною та статистичною незначущістю, що були визначені в ході екс-
периментальних досліджень. Результати оцінки внутрішньолабораторної прецизійності показали від-
повідність одержаних значень довірчого інтервалу середнього результату критерію прийнятності. За 
результатами визначення робасності встановлено, що для оптимальних умов хроматографування мо-
жна використовувати свіжоприготований розчин порівняння протягом 24 год. 
Висновки. Розроблена методика одночасного кількісного визначення лоратадину та допоміжних речо-
вин – метилпарагідрокисбензоату та пропілпарагідроксибензоату у сиропі комбінованому «Лората-
дин+». Визначено умови, що дозволяють коректно визначити всі компоненти в присутності екстракту 
ласкавця золотистого трави. Коректність методики підтверджено валідаційними дослідженнями 
Ключові слова: лоратадин, метилпарагідрокисбензоат, пропілпарагідроксибензоат, кількісне визначен-
ня, комбіновані засоби, гепатозахиста дія 
 
1. Introduction 
The loratadine syrup is one of the most commonly 
used medicines widely used in the treatment of allergic 
conditions in adults and children. Somewhat restricting 
its use, the presence of side effects, in particular among 
drug poisoning, one of the leading places in children and 
adults is occupied by loratadine-induced changes in the 
liver [1, 2]. In order to eliminate unwanted effects on the 
liver, it is expedient to combine with phytocomponent, 
which shows hepatoprotective action. 
 
2. Formulation of the problem in a general 
way, the relevance of the theme and its connection 
with important scientific and practical issues 
Among the plant substances were found a lot of 
very effective hepatoprotectors. In medical practice, 
widely used preparations of plant origin are Silibor, 
Gepabene, Essentiale, etc. High hepatoprotective ac-
tivity on different models of liver damage was found 
in plants such as spotted thistle (seed) [3], artichoke 
(baskets), pumpkin common (seed oil) [4], agave 
americana (leaves) [5], greater celandine (grass), dan-
delion (roots), peppermint (leaves) [6, 7], turmeric 
(roots) [8, 9], cassia acutifolia (leaves), etc. [10]. Our 
previous studies have shown that the plant extracts of 
artichoke, fumitory schleicheri, Bupleurum aureum 
grass, Salsola collina grass contribute to the preven-
tion of hepatotoxic effects of loratadine [11, 12]. The 
choice of plants for research is based on the algorithm 
developed by us [13]. According to experimental data, 
the best way of hepatoprotective action on models of 
toxic lesion of the liver with loratadine was the aque-
ous extract of a Bupleurum aureum grass. On the basis 
of the conducted researches the composition and tech-




nology of the combined syrup "Loratadin+" with this 
plant extract [14] was developed. 
 
3. Analysis of recent studies and publications in 
which a solution of the problem are described and to 
which the author refers 
The chemical components of the developed com-
bined syrup, which must be quantified, are loratadine, as 
well as preservatives - methyl parahydroxybenzoate and 
propyl parahydroxybenzoate. Different methods are used 
to determine loratadine, the HPLC method is the most 
commonly used for determining loratadine in dosage 
forms. Scientists [15] developed a method for quantita-
tive determination of loratadine in tablets using a UV 
detector (248 nm), simultaneous determination of lorata-
dine with other drugs - Guaifenesin, Ambroxol - in dos-
age forms in isocratic elution mode [16].  
 
4. The field of research considering the general 
problem, which is described in the article 
For the pharmaceutical development and preclini-
cal studies, standardization of the obtained combined 
syrup should be carried out. At the same time it is advis-
able for the manufacturer, from the economic point of 
view and for safety reasons of the production personnel, 
to determine the active and auxiliary substances in a 
single sample, which reduces the time of analysis and 
allows you to save reagents and equipment resources. 
Since for the definition of plant components is more 
correct the summary definition of BAS groups that pro-
vide the effect, a spectrophotometric technique will be 
developed for them. 
 
5. Formulating the goals (tasks) of the article 
The aim of the present study was to develop a 
method for the simultaneous determination of loratadine 
and auxiliary substances – methylparahydroxybenzoate 
and propylparahydroxybenzoatein combination syrup in 
the presence of a Bupleurum aureum grass extract. 
 
6. Presentation of the main research material 
(methods and objects) with the justification of the 
results 
Equipment 
Liquid chromatography separation was performed 
using a Shimadzu Nexera X2 LC-30AD HPLC system 
(Shimadzu, Japan) composed of a quaternary pump, an 
on-line degasser, a column temperature controller, the 
SIL-30AC autosampler (Shimadzu, Japan); the CTO-
20AC thermostat (Shimadzu, Japan) as well as the SPD-
M20A diode array detector (DAD). Another instruments 
such as Ultrasonic Cleaner Set for ultra-sonication using 
(Wise Clean WUC-A06H, WitegLabortechnik GmbH, 
Germany), Libra UniBloc AUW120D (Shimadzu Ana-
lytical Scale, Japan); class A analytical vassals that meets 
requirements of the SPhU (SPhU, 2015) were used in the 
investigation. 
Reagents 
HPLC grade acetonitrile (Sigma-Aldrich GmbH, 
Switzerland), were used in the analysis work. HPLC 
grade water was obtained from a water purifying system 
(Millipore, Bedford, MA, USA). Other chemicals and 
solvents were of analytical grade. 
Identification 
In test solution chromatogram obtained in quanti-
tative determination of loratadine, methylparahy-
droxybenzoate and propylparahydroxybenzoate, the 
retention times of peaks loratadine, methylparahy-
droxybenzoate and propylparahydroxybenzoateshould 
coincide with times holding the peaks in the chromato-
gram solution (loratadine, methylparahydroxybenzoate, 
propylparahydroxybenzoate) (Fig. 1, 2). 
 
 









Fig. 2. Typical chromatogram of the test solution 
 
Method 
Buffer solution with pH 2.9. Dissolve 3.9 g of so-
dium dihydrogen phosphate in 950 ml of water R and 
bring to pH 2.9±0.05 with acid phosphate-soluble P and 
bring to the volume of 1000.0 ml with the same solvent 
and mix. 
Test solution. 2.4 g (precise weight) of the prepa-
ration "Loratadine +" is placed in a 20 ml volumetric 
flask, 10 ml of methanol P is added and shaken at a speed 
of 400 rpm for 15 minutes, and then brought to the label 
with the same solvent and carefully mix up. 
Comparison solution a. 50 mg (precise weight 
loss) of lactic acid RS is placed in a volumetric flask of 
50.0 ml, dissolved in 35 ml of methanol P and brought to 
the label with the same solvent. 
Comparison solution b. 80 mg (precise weight 
gain) of RS methyl parahydroxybenzoate P is placed in a 
volumetric flask of 50.0 ml, dissolved in 35 ml of metha-
nol P and brought to the label with the same solvent. 
Comparison solution c. 40 mg (precise weight 
loss) of RS propylparahydroxybenzoate P is placed in 
a volumetric flask of 100.0 ml and dissolved in 60 ml 
of methanol P and brought to the label with the same 
solvent. 
Comparative solution d. 5.0 ml of the comparison 
solution a, 5.0 ml of the comparison solution in 5.0 and 
the solution of comparison with transfer to a volumetric 
flask of 50 ml capacity, bring with the methanol P to the 
volume and mix thoroughly. 
Placebo-extract solution. 68 mg of a dry extract 
of a Bupleurum aureum grass was placed in a volumetric 
flask of 20.0 ml, 10 ml of methanol R was added and 
shaken at a speed of 400 rpm for 15 minutes, and then 
brought to the label with the same solvent and mixed 
thoroughly. 
The solutions are filtered through a membrane fil-
ter with a pore diameter of 0.45 μm. 
Chromatography is carried out on a liquid chro-
matograph with a spectrophotometric detector under the 
following conditions: 
– column with a size of 150×4.6 mm, filled with 
silica gel octadecylsilylene for chromatography P (for 
example, ACE C18, size 150×4.6 mm, YMC company) 
with a pre-column, with a particle size of 5 μm, for 
which the conditions of suitability of the chromatograph-
ic system are fulfilled; 
– speed of the mobile phase: 1.0 ml / min; 
– column temperature: 35 °С; 
– detection at wavelength: 270 nm; 
– volume of injection: 10 μl; 
– mobile phase A: buffer solution with pH 2.9; 
– mobile phase B: acetonitrile P; 
– gradient program: 
 
Time, min Mobile phase А, % Mobile phase B, % 
0:00 80 20 
02:00 80 20 
10:00 55 45 
15:00 55 45 
16:00 80 20 
20:00 80 20 
Alternately chromatograph solution of compari-
son d and test solution at least 5 times. 
The chromatographic system is considered to be 
suitable if the following conditions are met for the com-
parison solution: 
– the efficiency of the chromatographic column, 
calculated at the peaks of the main substances, should be 
at least 3000 theoretical plates; 
– the peak symmetry ratio must be in the range 
from 0.8 to 1.5; 
– the relative standard deviation for peak areas, 




Parameters of the chromatographic system that were found during the analysis 
Substance 
Efficiency  
(number of theoretical plates) 
Symmetry  
factor 
Relative standard deviation, % 
Loratadine 40756 1.06 0.14 
Methylparahydroxybenzoate 25318 1.04 0.17 









The content of loratadine (X1) in 1 ml of the drug, 
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where Si – average value of loratadine peak area, calcu-
lated from the chromatograms of the test solution; 
S0 – average value of peak areas of loratadine, 
calculated from the chromatogram of the comparison 
solution (d); 
m0 – weight of drug, in grams; 
m1 – weight of loratadine, in milligrams; 
ρ – density of drug, in g/cm3; 
Р – the content of the main substance in lorata-
dine, as a percentage. 
The content of methylparahydroxybenzoate (X2) 
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where Si – average value of methylparahydroxybenzoate 
peak area, calculated from the chromatograms of the test 
solution; 
S0 – average value of peak areas of methylparahy-
droxybenzoate, calculated from the chromatogram of the 
comparison solution (d); 
m0 – weight of drug, in grams; 
m1 – weight of methylparahydroxybenzoate, in 
milligrams; 
ρ – density of drug, in g/cm3; 
Р – the content of the main substance in 
methylparahydroxybenzoate, as a percentage; 
The content of propylparahydroxybenzoate (X3) 
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where Si – average value of propylparahydroxybenzoate 
peak area, calculated from the chromatograms of the test 
solution; 
S0 – average value of peak areas of propylparahy-
droxybenzoate, calculated from the chromatogram of the 
comparison solution (d); 
m0 – weight of drug, in grams; 
m1 – weight of propylparahydroxybenzoate, in 
milligrams; 
ρ – density of drug, in g/cm3; 
Р – the content of the main substance in 
propylparahydroxybenzoate, as a percentage; 
Discussion of the results 
At the beginning of the development of the tech-
nique, we tried to use the technique of isocratic elution of 
the components of the mixture. In this case, the following 
conditions were used: the stationary phase - a measuring 
column 150 × 4.6 mm, filled with silica gel octylsilyl for 
chromatography P with a pre-column, with a particle size 
of 5 μm; speed of the mobile phase: 2.0 ml / min; column 
temperature: 35 ° C; detection at wavelength: 254 nm; 
volume of injection: 20 μl; mobile phase A: buffer solu-
tion with pH 2.9 (3.9 g sodium dihydrogen phosphate P 
is dissolved in 900 ml of water for chromatography P. pH 
is set to 2.9±0.1 with the aid of phosphoric acid P and the 
volume of water solution is adjusted to a pH of 1000 ml 
for water chromatography); mobile phase B: acetonitrile 
P; ratio between mobile phases (1:1) 
It has been found that this system has a low reso-
lution for the methylparahydroxybenzoate peak with 
other components present in the matrix. To improve the 
resolution, the mobile phase speed was reduced to  
1.5 ml / min and the amount of phase B (acetonitrile) to 
45 %, as well as the injection volume was reduced to 
10μl. However, these changes did not eliminate the prob-
lem and as shown in the following figure, the peak of 
methylparahydroxybenzoate does not have a satisfactory 
separation with the peaks of substances present in the 
preparation. 
Therefore, the speed of the mobile phase was re-
duced to 1.0 ml / min, and the concentration of the mo-
bile phase B to 40 %. After chromatography of the test 
solution under altered conditions, it was observed that the 
separation between the peaks improved, but still re-
mained unacceptable. To solve this problem, it was de-
cided to use a gradient mode to improve separation be-
tween substances, and it was also decided to change the 
wavelength for detecting from 254 nm to 270 nm to 
increase the specificity, since loratadine, methylparahy-
droxybenzoate and propylparahydroxybenzoate had a 
sufficient absorption at a given wavelength, while other 
components of the drug had less effect during the analy-
sis. Using a gradient mode, a better separation between 
compounds was observed, the separation factor between 
the peaks of the methylparahydroxybenzoate and its 
nearest peaks was greater than 2.5, in the case of propyl 
parahydroxybenzoate this figure was greater than 3. 
To confirm the correctness of the proposed meth-
od, validation studies were carried out in accordance with 
the requirements of the SPHU. 
Forecast of uncertainty of analysis results 
In the drug "Loratadine+" the quantitative content 






    
We have calculated the uncertainty of sample 
preparation for loratadine, methylparahydroxybenzoate 
and propylparahydroxybenzoate when determined by 
HPLC. It is found to be 1.5 % for loratadine, 1.47 % for 
methylparahydroxybenzoate, 1.53 % for propylparahy-
droxybenzoate, which does not exceed the eligibility 
criterion. 
Specificity 
For the study of specificity were prepared solu-
tions: solvent (blank solution), solutions of the compari-
son, the extract and the test solution. 
The specificity of the method is confirmed by com-
paring the chromatogram with the comparison solution, the 
test solution, and the blank solution chromatogram. The 
retention times of loratadine, methylparahydroxybenzoate 
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and propylparahydroxybenzoate peaks on the chromato-
grams of the test solution correspond to the retention time of 
loratadine, methylparahydroxybenzoate and propylparahy-
droxybenzoate peaks on the chromatogram of the compari-
son solution. No peaks were found on the chromatogram 
form, the retention time of which would coincide with the 
peaks of loratadine, methylparahydroxybenzoate and 
propylparahydroxybenzoate retention times. 
Linearity 
To confirm the linearity of the method, 9 model 
solutions of each component were prepared in appropri-
ate concentrations, which varied evenly within the range 
of application (step - 5 %).  
 
/ 100i i stX C C   та / 100i i stY S S  . 
 
According to the data obtained (Fig. 3, Tab. 2), 
the linearity of the methodology is performed throughout 
the concentration range for loratadine and both auxiliary 
substances.  
The correlation coefficients are 0.9999, 0.9999 








Fig. 3. Charts of the linear dependence of the analytical signal on the actual concentration of solution in the normalized 
coordinates for: a –methylparahydroxybenzoate; b –propylparahydroxybenzoate; c – loratadine 
y = 0,9977x + 0,2015 
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Data validation of the linearity of the method of quantitative determination 


















































According to the results of the linearity study, the 
technique is correct for all determined components. 
Correctness 
To determine the correctness within the range of 
the use of the analytical method, 9 test solutions were 
prepared, with all stages of the analytical technique fol-
lowed. The rule is characterized by two criteria - practi-
cal and statistical insignificance, which were determined 
during the experimental research (Table 3).  
The fulfilment of the correctness criteria by the 
two criteria is given in Table 4. By the correctness pa-
rameter methodology is correct.  
 
Table 3 
Results of determining the correctness of the method (n = 9) 
Methylparahydroxybenzoate 
Zav 99.98 
Relative standard deviation, sz % 0.11 
Relative confidence interval 
ΔZ = t(95 %,8)*sz = 1.8595*sz =  
0. 21 
Critical to the convergence of results Δas % ≤  1.6 
Systematic error δ % =│Zav - 100│ 0.02 
Criterion of statistical insignificance 
ΔZ/3= 0.21/3 = 0.07 (0.02≤ 0.07) 





General conclusion about the methodology Correct 
Propylparahydroxybenzoate 
Zav 100.01 
Relative standard deviation, sz % 0.31 
Relative confidence interval  
ΔZ = t(95 %,8)*sz = 1.8595*sz =  
0.57 
Critical to the convergence of results Δas % ≤  1.6 
Systematic error δ % =│ Zav - 100│ 0.01 
Criterion of statistical insignificance 
 ΔZ/3= 0.57/3 = 0.19 (0.01≤ 0.19) 





General conclusion about the methodology Correct 
Loratadine 
Zav 100.06 
Relative standard deviation, sz % 0.21 
Relative confidence interval  
ΔZ = t(95 %,8)*sz = 1.8595*sz =  
0.39 
Critical to the convergence of results Δas % ≤  1.6 
Systematic error δ % =│ Zav - 100│ 0.06 
Criterion of statistical insignificance 
 ΔZ/3= 0.39/3 = 0.13 (0.06≤ 0.13) 




General conclusion about the methodology Correct 
 








Requirements for practical 
insignificance 
Execution of the 
criterion 
Methylparahydroxybenzoate 
100Z   0.02 ≤0.07 ≤0.512 
Followed by two 
criteria 
Propylparahydroxybenzoate 
100Z   0.01 ≤0.19 ≤0.512 
Followed by two 
criteria 
Loratadine 
100Z   0.06 ≤0.13 ≤0.512 




To determine, the results of a study of 6 samples of 
one sample by two analysts were used on different days for 
one working week using different measuring dishes. The 
results are shown in the Table. 5–7. Results of evaluation of 
laboratory precision are given in Table. 8 show that the 
obtained values of the confidence interval of the average 
result meet the eligi bility criterion (not more than 1.6).  
 
Table 5 
Determination of intra-laboratory precision parameters for methylparahydroxybenzoate 
No. Analyst No. 1 Analyst No. 2 
1 97.68 97.45 
2 97.53 97.37 
3 97.33 97.10 
4 97.77 97.22 
5 97.61 97.46 
6 97.58 97.32 
Average 97.58 97.32 
Dispersion, s2 0.038 0.031 
Overall average 97.45 
Relative standard deviation, RSD % 0.13 
Confidence interval, (Δintra=t(95 %, m*n–1)* RSD, %=1,7956 *RSD, % 0.27 
 
Table 6 
Determination of intra-laboratory precision parameters for propylparahydroxybenzoate 
No. Analyst No. 1 Analyst No. 2 
1 101.43 101.19 
2 101.83 101.22 
3 101.26 101.20 
4 102.11 101.44 
5 101.74 101.39 
6 101.67 101.29 
Average 101.67 101.29 
Dispersion, s2 0.150 0.019 
Overall average 101.48 
Relative standard deviation, RSD % 0.19 
Confidence interval, (Δintra=t(95 %, m*n–1)* RSD, %=1,7956 *RSD, % 0.38 
 
Table 7 
Determination of intra-laboratory precision parameters for loratadine 
No. Analyst No. 1 Analyst No. 2 
1 100.898 100.524 
2 100.853 100.750 
3 101.083 100.207 
4 100.800 100.233 
5 100.426 100.035 
6 100.812 100.349 
Average 100.812 100.350 
Dispersion, s2 0.077 0.108 
Overall average 100.581 
Relative standard deviation, RSD % 0.230 
Confidence interval, (Δintra=t(95 %, m*n–1)* RSD, %=1,7956 *RSD, % 0.463 





Results of evaluation of in-laboratory precision 
Parametr Requirements of the criterion The resulting value Execution of the criterion 
Methylparahydroxybenzoate 
Δintra ≤1,6 0.27 Executed 
Propylparahydroxybenzoate 
Δintra ≤1,6 0.380 Executed 
Loratadine 
Δintra ≤1,6 0.463 Executed 
 
Robustness (stability) 
The stability of the standard solution and the test solution was studied after 24 hours (Tab. 9, 10). 
 
Table 9 
Determination of the stability of the standard solution 
 Average value of S peak of 
freshly prepared solution 
Average value of S peak of 
solution after 24 h 
Parameter change in per-
centages after 24 hours Substance 
Methylparahy-
droxybenzoate 
5421695 5423838 0.040 
Propylparahy-
droxybenzoate 
1153291 1149287 0.347 
Loratadine 1401900 1403722 0.130 
 
Table 10 
Determination of the stability of the test solution 
 Average value of S peak of 
freshly prepared solution 
Average value of S peak of 
solution after 24 h 
Parameter change in per-
centages after 24 hours Substance 
Methylparahy-
droxybenzoate 
5244979 5243940 0.020 
Propylparahy-
droxybenzoate 
1221627 1226178 0.373 
Loratadine 1644919 1648117 0.194 
 
Differences between the obtained values of 
peak areas should exceed the criterion of insignifi-
cance in comparison with the maximum permissible 
uncertainty of the analysis results (ΔAS, insig), that is 
0.512 %.  
As a result of the determination, it has been de-
termined that for optimal chromatographic conditions, 
freshly prepared solution for comparison can be used 
within 24 hours. 
 
 
7. Conclusions from the conducted research 
and prospects for further development of this field 
1. The method of simultaneous quantitative determi-
nation of loratadine and auxiliary substances - methylpara-
hydroxybenzoate and propylparahydroxybenzoate in a 
combined syrup "Loratadine+" has been developed. 
2. Conditions are defined that allow correctly de-
termining all components in the presence of a Bupleurum 
aureum grass extract. The correctness of the methodolo-
gy is confirmed by validation studies.  
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